In recent years, much attention has been focused on production and manipulation of entangled states, which promoted the development of experimental technique and led to the realization of entangled states in a variety of physical systems [1] [2] [3] [4] . As an important F o r R e v i e w O n l y 2 platform of quantum information processing (QIP), circuit cavity quantum electrodynamics (QED) system [5] [6] [7] [8] [9] [10] [11] [12] [13] is widely investigated. Recent studies show that the solid state systems [14] [15] [16] [17] [18] associated with circuit QED not only have high feasibility, but also have better controllability and enormous superiority. For example, long coherence time is available for implementing the quantum operations and the system could be easily scaled up and controlled. So, there have been numerous protocols [19] [20] [21] [22] [23] [24] [25] [26] [27] which were proposed to prepare a variety of quantum states based on circuit QED. Such as, Frederick et al. presented a method of generating entangled quantum superpositions of Fock states by two resonators coupling to a superconducting qubit [26] . Yang et al. investigated the generation of entangled coherent states through the coupling between four microwave resonators and a three-level superconducting device, and they created a Greenberger-Horne-Zeilinger (GHZ) state with four different resonators embedding four superconducting qubits, respectively [27] . As is known, GHZ states [28] and W states [29] are multi-qubit entangled states which cannot be converted to each other under local operations assisted by classical communication. Different from GHZ states, the entanglement of W states is not only more persistent and robust against the loss of qubit loss and bit flip noise, but also immune against global dephasing.
Considering these interesting features of W states, several approaches are developed to generate W states [30] [31] [32] [33] . For example, Wei and Chen utilized the circuit QED to effectively generate the W state with Resonant interaction [30] and adiabatic passage [31] , respectively.
In general, the resonant pulses and adiabatic passage techniques are two popular methods for generating W states, each method has its benefits and disadvantages. For example, the scheme with resonant pulses is fast but very sensitive to parameter fluctuations, the adiabatic passage techniques is inherently more robust against pulse area and timing errors but is time consuming which will lead to dissipation. So, as to achieve the goal of fastness and robustness, the approaches of "Shortcuts to adiabatic passage" (STAP) have been proposed. Among these approaches , transitionless driving [36] , inverse engineering based on invariants [42] , the method to accelerate the adiabatic passages by using dressed states [45] are some common used methods. Especially, the method to accelerate the adiabatic passages by using dressed states proposed by Baksic et al. [45] has attracted many researchers attention. In the method, by incorporating corrections to the initial control Hamiltonian, a perfect state transfer can be permitted even in the nonadiabatic regime.
Besides, by suitably selecting control parameters, the population of the intermediate state Motivated by the reference [45] , here we come up with an efficient scheme to generate a W state. In the scheme, based on the quantum Zeno dynamics (QZD) and the dressed states, this scheme has the following advantages: (i) two experimentally feasible pulses are designed to realize the generation of the W state; (ii) The intermediate states are slightly populated; (iii) Numerical simulation demonstrates that the scheme is fast and robust against the decoherence caused by the decay of the cavity mode, the energy relaxation and the dephasing.
Moreover, the scheme is quite insensitive to the variation of parameters.
The remainder of the paper is structured as follows. In Sec. II, we briefly review the QZD and describe the method to accelerate the adiabatic passages by using dressed states.
In Sec. III, we propose a scheme to generate W state by using dressed states in the circuit cavity QED. In Sec. IV, we make a numerical simulation and then analyze the feasibility in the experiment. Finally, Sec. V summarizes the main conclusions of this work.
II. PRELIMINARY THEORY

A. Quantum Zeno dynamics
For the sake of clearness, we first simply review the main ideas of quantum Zeno dynamics, which was raised by Facchi and Pascazio in 2002 [68] . Generally, supposing the system's Hamiltonian is described as H K = H obs + KH meas , where H obs is the Hamiltonian of the investigated quantum system, H meas is an additional interaction Hamiltonian performing the measurement, K is a coupling constant. In the limits K → ∞, the effective Hamiltonian of the system is approximated as
More interesting, the system will evolve away from its initial state, while it still remains in the so-called Zeno subspace determined by the measurement.
B. The method to accelerate the adiabatic passage by using dressed states
To start with, a unitary operator is defined as U (t) = ∑ n |φ n (t)⟩⟨n|, in which, the instantaneous eigenstates {|φ n (t)⟩} of the original Hamiltonian H 0 (t) whose eigenvalues are {E n (t)}, 
where Υ(t) = −iU † (t)U (t) usually involves the coupling transition between the instantaneous eigenstates of H 0 (t) and leads nonadiabatic errors. To correct the nonadiabatic errors, a correction Hamiltonian H co (t) is introduced. Then, the modified Hamiltonian is described as H ′ (t) = H 0 (t) + H co (t). In adiabatic frame, the modified Hamiltonian is expressed by
Next, another frame is defined by V (t) = 
in adiabatic frame can be described
If we can design a suitable H co (t) to meet the condition
the unwanted off-diagonal elements in H V (t) can be cancelled. So, the shortcuts to adiabatic passage can be constructed.
III. GENERATION OF THREE-QUBIT W STATE VIA DRESSED STATES
In this section, we introduce the generation of a W state via dressed states in detail.
We consider that a system involves a superconducting coupler (SCC) qubit, three spatially While the transition |e⟩ c ↔ |f ⟩ c is driven resonantly by an external classical field with Rabi frequency Ω C (t). Then, we can write the interaction Hamiltonian of the whole system in the interaction picture as (h = 1)
where a m is the photon annihilation operator of the CP W R m . For simplicity, we assume |Φ 0 ⟩ = 1, the system will remain in the one-excited subspace spanned by 
where |Ψ ι ⟩ (ι = 0, 1, 2, 3, 4, 5, 6) is the eigenvector of the projections P α n ′ , which is defined as
the corresponding eigenvectors
,
with corresponding eigenvalues η 0 = 0, 
where 
we can obtain the three instantaneous eigenstates of H ef f (t) as follows:
with corresponding eigenvalues ϵ 0 = 0, ϵ + (t) = Ω(t) and ϵ − (t) = −Ω(t), respectively. Choos- 
in which
As mentioned in Ref. [45] , it is feasible to move the adiabatic frame to the frame defined by V (t)
which is parametrized as a rotation of spin with Euler angles ξ(t), µ(t), and η(t). Furthermore, the angle µ(t) should meet µ(0) = µ(T ) = 0(2π) to satisfy the condition 
in which g x (t) and g z (t) are two controlled parameters. So, the modified angleθ(t) and amplitudeΩ(t) becomeθ
Moreover, in order to cancel the unwanted transitions between dressed states, the control parameters should be selected as
in which, g x (t) and g z (t) are not depended on η(t). In addition, the population of the intermediate state |Ψ 0 ⟩ is expressed as
in which |Φ(t)⟩ is the state of the system. For keeping the discussion simple, we choose ξ(t) ≡ 0. The parameters are chosen as
where A is a time-independent parameter controlling the maximal value of µ(t), the bound- 
in which,
Ω I (t) andΩ II (t) are the linear superposition of Gaussian pulses. We plot theΩ I (t)(Ω II (t))
andΩ I (t) (Ω II (t)) versus t/T in Fig. 2 . Seen from Fig. 2 ,Ω I (t) (Ω II (t)) andΩ I (t) (Ω II (t)) match well. In the following section, we will demonstrate the substitutions are valid and the system can be driven from its initial state |Φ 0 ⟩ = |ψ 1 ⟩ to the target state |Φ(T )⟩ = |W ⟩ by the Rabi frequenciesΩ I (t) = √ 3Ω B (t)/2 andΩ II (t) =Ω C (t)/2 with high fidelity.
IV. NUMERICAL SIMULATIONS AND FEASIBILITY ANALYSIS
In this section, we will investigate the feasibility and robustness of the scheme with numerical simulations. We define the fidelity of the target state |W ⟩ as F (t) = |⟨W |ρ(t)|W ⟩|, in which ρ(t) is the density operator of the system. Then, we plot the final fidelity F (T )
versus λ in Fig. 3 . The figure shows that when λ ≥ 10/T , F (t) is close to 1. In addition, the effective Hamiltonian H ef f (t) is obtained under the Zeno conditionΩ B (t) ≪ λ and Ω C (t) ≪ λ in Sec. III. Therefore, it is necessary to adopt a suitable λ. From Fig. 2 , 
As it's known, if λ is not enough large, the system will suffer more decoherence because of the high populations of intermediate states. Also, the larger the λ, the better the Zeno condition is satisfied. But, the coupling constant λ has an upper limit in real experiments that would limit the speed of the system's evolution. So, considering the high speed and robustness of the scheme, we choose λ = 20/T that a little larger thanΩ 0 . With the suitable λ, we investigate the fidelity F (t) and the population , 2, 3 , ..., 11) of state |ψ k ⟩ during the evolution in Fig. 4 . Fig. 4 (a) shows the final fidelity can reach 1. As shown in Fig. 4 (b) , the green solid line including populations P 3 , P 4 and P 5 are nearly close to 0 during the evolution, which shows |ψ 3 ⟩, |ψ 4 We find the form of H ef f (t) is similar to stimulated Raman adiabatic passage (STIRAP)
techniques. Therefore, we make a comparison between the scheme and that with STIRAP.
The Rabi frequencies of pulses via STIRAP are chosen as
where, Ω Fig. 5 ) the fidelity can approach 1. However, in this case, the laser amplitude Ω ′ 0 = 80/T is much larger than the one (Ω 0 ≈ 14/T ) of the scheme. Therefore, compared with the STIRAP method, the scheme requires less physical resources and is fast a lot to achieve the target state.
In the above discussion, we haven't considered the dissipation caused by decoherence mechanisms. However, the system will inevitably interact with the environment, which affects the usability of this scheme. Here, the influence of different kinds of dissipative 
in which, L l is the Lindblad operator. There exists nineteen Lindblad operators Table I .
All these results show the present scheme is robust to the dissipation.
Finally, because most of the parameters are hard to faultlessly achieved in the experiments, it is necessary to investigate the variations of the parameters caused by the experimental imperfection. Therefore, we investigate the influence of the variations in the interaction time T , the coupling constant λ and the pulse amplitudeΩ 0 . The T ′ = T + δT is defined as the erroneous total interaction time when the original time exists a variation δT . We depict fidelity F (t ′ ) versus δλ/λ, δΩ 0 /Ω 0 and δT /T in Fig. 7 . From Fig. 7 (a) and 
is insensitive to the interaction time. Therefore, the present scheme is robust to the variations δλ, δΩ 0 , and δT .
V. CONCLUSION
We have presented an efficient scheme for fast generating W state of the three superconducting qubits by using the quantum Zeno dynamins and the dressed states. Choosing a set of dressed states suitable, two practical pulses in experiment can be designed for accelerating the evolution of the system. Numerical simulations show the scheme is feasible in practice and the W state can be rapidly achieved, the interaction time of scheme required for generating the target state by using dressed states is shorter than that via adiabatic passage.
Moreover, we have discussed the influence of deviations of various parameters and the various decoherence processes on the fidelity of the target state, which shows the present scheme is robust to the influence. The scheme may be experimentally implementable because of the remarkable progress in circuit quantum electrodynamics. and Ω II (t) (versus t/T ). 
